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(57) ABSTRACT 

One method for analyzing a bitstream having a plurality of 
compressed pictures comprises computing an initial arrival 
time and a ?nal arrival time of a compressed picture, 
Wherein the initial arrival time is equal to an earlier of the 
?nal arrival time of the immediately previous compressed 
picture or equal to a sum of a ?xed time plus a sum of 
removal delays of all of the compressed pictures betWeen the 
?rst compressed picture following the buffering period mes 
sage and the compressed picture, including the compressed 
picture, and Wherein the ?nal arrival time is equal a sum of 
the initial arrival time and a time calculated based on the 
number of bits associated With the compressed picture at the 
bit rate; and verifying that a difference betWeen the ?nal 
removal time and the initial arrival time does not exceed the 

2, 2002. time for reaching the buffer siZe at the bit rate. 
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time_scale 1 units per second 

num__units_in_tick 1 units per tick 

R 1000 bits per second 

B 10 bits ’ 

T 10 seconds 
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HYPOTHETICAL REFERENCE DECODER FOR 
COMPRESSED IMAGE AND VIDEO 

RELATED APPLICATIONS 

[0001] The present application claims the bene?t of US. 
provisional application serial No. 60/393,665, ?led Jul. 2, 
2002, Which is hereby fully incorporated by reference in the 
present application. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to image 
and video signals. More particularly, the present invention 
relates to coding or compressing image and video signals. 

[0004] 2. Related Art 

[0005] In video coding standards, such as MPEG-1, 
MPEG-2, MPEG-4, H.261, H.263 and the neW H.264/ 
MPEG-4 Part 10, a bitstream is determined to be conformant 
if the bitstream adheres to the syntactical and semantic rules 
embodied in the standard. One such set of rules takes the 
form of successful How of the bitstream through a math 
ematical or hypothetical model of a decoder, Which receives 
the bitstream from an encoder. Such a model decoder is 
referred to as the hypothetical reference decoder (“HRD”) in 
some standards or the video buffer veri?er (“VBV”) in other 
standards. In other Words, the HRD speci?es rules that 
bitstreams generated by a video signal encoder must adhere 
to for such encoder to be considered conformant under a 
given standard. Stated differently, a HRD is a normative 
means according to Which encoders must create bitstreams, 
Which bitstreams adhere to certain rules and constraints, and 
real decoders can assume that such rules have been con 
formed With and such constraints are met. 

[0006] The HRD serves to place constraints on the varia 
tions in bit rate over time in a compressed bitstream. HRD 
may also serve as a timing-and-buffering model for a real 
decoder implementation or for a multipleXor. Associated 
With the HRD are syntax elements de?ned in the standard, 
and algorithms embodied in softWare or hardWare in various 
products such as encoders, multipleXors, conformance ana 
lyZers, and so on. 

[0007] The HRD represents a means to communicate hoW 
the bit rate is controlled in the process of compression. The 
HRD may be designed for variable or constant bit rate 
operation, and for loW-delay or delay-tolerant behavior. As 
shoWn in FIG. 1, HRD 100 includes pre-decoder buffer 110 
(or VBV buffer) through Which compressed bitstream 105 
?oWs With a precisely speci?ed arrival and removal timing. 
Compressed bitstream 105 contains a sequence of coded 
pictures 115 and associated ancillary messages, Which ?oW 
into pre-decoder buffer 110 according to a speci?ed arrival 
schedule. All compressed bits associated With a given coded 
picture 115 are removed from pre-decoder buffer 110 by 
instantaneous decoder 120 at the speci?ed removal time of 
the picture. Pre-decoder buffer 110 over?oWs if the buffer 
becomes full and more bits are arriving. Pre-decoder buffer 
110 under?oWs if the removal time for a picture occurs 
before all compressed bits representing the picture have 
arrived. Typically, HRDs differ in the means to specify the 
arrival schedule and removal times, and the rules regarding 
over?oW and under?oW of pre-decoder buffer 110. 
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[0008] HRDs in accordance With some eXisting standards 
such as H.263 and H.261 have been designed for loW-delay 
operation. In short, such HRDs operate by removal of all bits 
associated With a picture the ?rst time the buffer is eXam 
ined, rather than at a time transmitted in the bitstream. Such 
HRDs do not specify When the bitstream arrives in the 
pre-decoder buffer. Therefore, such HRDs do not alloW for 
precisely timed removal of bits from the pre-decoder buffer 
and create a difficulty for systems designed to display 
pictures With precise timing. 

[0009] Other HRD standards, such as MPEG-2, can oper 
ate in variable bit rate or constant bit rate mode and also have 
a loW-delay mode. The MPEG-2 HRD (knoWn as the VBV) 
has tWo modes of operation based on Whether a picture 
removal delay is transmitted in the bitstream or not. In the 
?rst mode of operation or mode A, When the removal delay 
is transmitted, the rate of arrival into the VBV buffer of each 
picture is computed based on picture siZes, the removal 
delay and additional removal time increments. Mode A can 
be used by the encoder to create both variable and constant 
bit rate streams. HoWever, mode A suffers from a shortcom 
ing that the entire bitstream must be scanned in order to 
make a determination as to Whether a given bitstream has a 
constant bit rate. Mode A further suffers from an ambiguity 
at the beginning of the sequence that prevents the initial bit 
rate from being determined. Therefore, technically, mode A 
does not alloW for a determination as to Whether the bit 
stream is a constant bit rate (“CBR”) bitstream. 

[0010] In its second mode of operation or mode B (Which 
is also referred to as a leaky bucket), unlike mode A, the 
encoder does not transmit the removal delays. In mode B, 
the arrival rate is constant unless the pre-decoder buffer is 
full, under Which condition no bits arrive. Thus, mode B, 
having a constant arrival rate, does not introduce an ambi 
guity regarding the initial arrival rate. HoWever, mode B has 
an arrival schedule, Which may not be constrained to model 
the real production of bits. This unconstrained aspect of 
mode B can result in very large delays through a real decoder 
and limits its use as guidance for real-time multipleXors. In 
mode B, compressed data arrives in the VBV buffer at the 
peak rate of the buffer until the buffer is full, at Which point 
the data stops. The initial removal time is the eXact point in 
time When the buffer becomes full. Subsequent removal 
times are delayed by ?Xed frame or ?eld periods With respect 
to the ?rst. 

[0011] As a hypothetical eXample of the long delays the 
Mode B may introduce, consider an encoder that produces 
a long sequence of very small pictures (i.e. feW bits are used 
to compress each picture) at the start of the sequence. For the 
purpose providing an eXample, consider that 1,000 small 
pictures that can all ?t in the VBV buffer are produced. All 
1,000 pictures Would enter the buffer in a time less than the 
time-equivalent of the buffer siZe, Which is typically less 
than one second. The last of such pictures Would then remain 
in the buffer for 999 picture periods longer than the ?rst 
picture, or roughly 30 seconds. This requires that the 
encoder create a delay of that same amount of time before 
transmitting the ?rst picture. HoWever, in real-time broad 
cast applications, it is not generally possible to insert a 
thirty-second delay at the encoder. Rather, an encoder can 
only transmit the bits associated With the small pictures after 
they have been produced. In terms of a VBV model, this 
Would introduce a series of time intervals during Which the 



US 2004/0005007 A1 

VBV buffer is not full, but no bits are entering. Therefore, 
a real-time encoder cannot imitate the buffer arrival timing 
of mode B of VBV. 

[0012] In both modes A and B, the removal times are 
based on a ?xed frame rate. Neither of these MPEG-2 VBV 
modes can handle variable frame rate, except for the one 
special case of ?lm content captured as video. In this special 
case, the removal time of certain pictures is delayed by one 
?eld period, based on the value of a bit ?eld in the picture 
header of that picture or a previous picture. 

[0013] As opposed to mode A of VBV in Which the 
encoder must prevent both buffer over?oW and under ?oW, 
in mode B, it is impossible for the buffer to over?oW, as data 
stops entering When the buffer becomes full. HoWever, in 
mode B, the encoder must still prevent buffer under?oW. 

[0014] The MPEG-2 VBV also includes a separately 
speci?ed loW-delay mode. In the loW-delay mode, the pre 
decoder buffer may under?oW occasionally and there are 
precise rules, involving skipping pictures, Which de?ne hoW 
the VBV is to recover. Because of the number of modes of 
operation, and the arcane method of handling the one special 
case of variable frame rate, the MPEG-2 VBV is overly 
complex. It also suffers from the initial rate ambiguity of 
Mode A and the non-causality of Mode B. 

[0015] A need exists for an improved hypothetical refer 
ence decoder that addresses the problems and de?ciencies 
associated With the existing HRDs. 

SUMMARY OF THE INVENTION 

[0016] In accordance With the purpose of the present 
invention as broadly described herein, there is provided 
system and method for coding or compressing image and 
video signals. In one aspect of the present invention, a 
bitstream has a plurality of compressed pictures and a 
plurality of messages, and a method of analyZing the bit 
stream comprises the steps of: locating a buffering informa 
tion message including bit rate information and buffer siZe 
information; extracting the bit rate information and the 
buffer siZe information from the buffering information mes 
sage; computing a bit rate and a buffer siZe from the bit rate 
information and buffer siZe information; selecting a random 
access point in the bitstream; locating a buffering period 
message folloWing the random access point; extracting 
random access buffering information from the buffering 
period message; computing from the random access buffer 
ing information a picture removal time associated With the 
?rst picture folloWing the buffering period message; Wherein 
for each compressed picture in the bitstream folloWing the 
?rst picture. 

[0017] The method further comprises locating a picture 
message including picture removal time delay information; 
extracting the picture removal time delay information from 
the picture message; computing from the picture removal 
time delay information a picture removal time of the com 
pressed picture; Wherein for each compressed picture fol 
loWing the buffering period message. The method also 
comprises counting the number of bits representing the 
compressed picture; computing an initial arrival time and a 
?nal arrival time of the compressed picture, Wherein the 
initial arrival time is equal to an earlier of the ?nal arrival 
time of the immediately previous compressed picture or 
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equal to a sum of a ?xed time plus a sum of removal delays 
of all of the compressed pictures betWeen the ?rst com 
pressed picture folloWing the buffering period message and 
the compressed picture, including the compressed picture, 
and Wherein the ?nal arrival time is equal a sum of the initial 
arrival time and a time calculated based on the number of 
bits associated With the compressed picture at the bit rate; 
and verifying that a difference betWeen the ?nal removal 
time and the initial arrival time does not exceed the time for 
reaching the buffer siZe at the bit rate. 

[0018] In a further aspect, the method comprises verifying 
for each of the compressed pictures that the ?nal arrival time 
precedes the removal time, and verifying that the initial 
arrival time of each of the compressed pictures is equal to 
the ?nal arrival time of the immediately previous com 
pressed picture. 
[0019] In another aspect of the present invention, there is 
provided a system for processing compressed data, the 
compressed data including a ?rst picture and a subsequent 
second picture, each of the pictures including a plurality of 
bits starting With a ?rst bit. The system comprises a decoder 
con?gured to receive the compressed data and decompress 
the compressed data, the decoder having a pre-decoder 
buffer con?gured to buffer the compressed data; Wherein the 
?rst bit of the ?rst picture enters the pre-decoder buffer at a 
?rst time and the ?rst bit of the second picture enters the 
pre-decoder buffer at a second time, and Wherein the ?rst bit 
of the ?rst picture leaves the pre-decoder buffer at a third 
time and the ?rst bit of the second picture leaves the 
pre-decoder buffer at a fourth time; and Wherein a difference 
based on the second time and the ?rst time is not less than 
a difference based on the fourth time and the third time. 

[0020] In yet another aspect of the present invention, there 
is provided a bitstream generated by a system. The bitstream 
comprising: a plurality of compressed pictures, each of the 
compressed pictures including a plurality of bits starting 
With a ?rst bit; and a pre-decoder buffer delay for each of the 
plurality pictures; Wherein a decoder stores the plurality of 
compressed pictures in a pre-decoder buffer, and Wherein 
each of the plurality of pictures is removed from the pre 
decoder buffer at a time calculated by adding the pre 
decoder buffer delay to a removal time of its immediate 
previous picture. 

[0021] In further aspect of the present invention, there is 
provided a method for processing data using a pre-decoder 
buffer, the data including a plurality of compressed pictures, 
each of the compressed pictures including a plurality of bits 
starting With a ?rst bit, the data further including a pre 
decoder buffer delay for each of the plurality pictures. The 
method comprising: storing the plurality of compressed 
pictures in the pre-decoder buffer; calculating a time for 
removing each of the plurality of pictures by adding the 
pre-decoder buffer delay to a removal time of its immediate 
previous picture; and removing each of the plurality of 
pictures from the pre-decoder buffer at the time. 

[0022] These and other aspects of the present invention 
Will become apparent With further reference to the draWings 
and speci?cation, Which folloW. It is intended that all such 
additional systems, methods, features and advantages be 
included Within this description, be Within the scope of the 
present invention, and be protected by the accompanying 
claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The features and advantages of the present inven 
tion will become more readily apparent to those ordinarily 
skilled in the art after reviewing the following detailed 
description and accompanying drawings, wherein: 

[0024] FIG. 1 illustrates a block diagram of a hypothetical 
reference decoder; 

[0025] FIG. 2A illustrates the Video Coding Layer of the 
audio/video coding (“AVC”) bitstream; 
[0026] FIG. 2B illustrates the Network Adaptation Layer 
of the AVC bitstream; 

[0027] FIG. 3 illustrates an HRD conformance veri?er; 

[0028] FIG. 4 illustrates a buffer fullness plot for hypo 
thetical reference decoder of FIG. 5A with picture siZes 
given in FIG. 5B, according to one embodiment of the 
present invention; 

[0029] FIG. 5A illustrates a set of parameters for a hypo 
thetical reference decoder, according to one embodiment of 
the present invention; and 

[0030] FIG. 5B illustrates picture siZes for use by the 
hypothetical reference decoder of FIG. 5A for illustrating 
the plot of FIG. 4. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] The following description of the invention contains 
speci?c information pertaining to the implementation of the 
present invention. One skilled in the art will recogniZe that 
the present invention may be implemented in a manner 
different from that speci?cally discussed in the present 
application. Moreover, some of the speci?c details of the 
invention are not discussed in order to avoid obscuring the 
invention. The speci?c details not described in the present 
application are within the knowledge of a person of ordinary 
skill in the art. The drawings in the present application and 
their accompanying detailed description are directed to 
merely eXample embodiments of the invention. To maintain 
brevity, other embodiments of the invention which use the 
principles of the present invention are not speci?cally 
described in the present application and are not speci?cally 
illustrated by the present drawings. 

[0032] I. Overview of HRD and Buffering Veri?ers 

[0033] As discussed above, HRD 100 represents a set of 
requirements on bitstreams. These constraints must be 
enforced by an encoder, and can be assumed by a decoder or 
multipleXor to be true. According to one embodiment of the 
present invention shown in FIG. 3, HRD verifying system 
300 can be constructed to verify conformance of a bitstream 
to the requirements set forth below by eXamining the bit 
stream. 

[0034] In the following, the term bitstream shall be used to 
refer to all forms of AVC streams. As shown in FIG. 2, a 
bitstream conforming to the AVC HRD may include one or 
two layers. The ?rst or lower layer, known as the Video 
Coding Layer (VCL) in the AVC standard, is composed of 
most of the information required to decode the piXel values 
which compose the decoded pictures. Each compressed 
picture comprises a set of one or more slices, and each slice 
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further comprises the compressed data that represent a 
portion of the picture area. FIG. 2A shows a portion of a 
VCL including compressed picture n 200, compressed pic 
ture n+1 201, and compressed picture n+2 202. FIG. 2A 
further shows the slice partition 204 of compressed picture 
n. The second layer of the AVC standard is known as the 
Network Adaptation Layer The NAL is composed of 
the compressed pictures from the VCL interleaved with 
additional messages such as: sequence level information 
which applies to the entire sequence of compressed pictures; 
picture attributes applying only to the neXt compressed 
picture in the bitstream; and other ancillary information. In 
AVC, both the VCL and NAL are partitioned into non 
overlapping NAL units. FIG. 2B shows a portion of a NAL 
bitstream composed of the three compressed pictures 201 
203 interleaved with additional messages in other NAL units 
211-213. In short, the VCL is composed of a sequence of 
NAL units containing compressed pictures in the form of 
slices and the NAL is composed of a sequence of NAL units 
some of which are VCL NAL units and some of which 
contain other information. Both the VCL and the NAL forms 
are referred to as bitstreams in the following description. 

[0035] An HRD may apply to the VCL or the NAL or 
both. Furthermore, multiple HRDs may apply to either form 
of the same bitstream. Each HRD may be a constant bit-rate 
or a variable bit-rate HRD. Such variations are signaled in 
the bitstream syntax given below. 

[0036] In one embodiment, HRD 100 uses two time bases. 
One time base is a 90 kHZ clock, which is in operation for 
a short time after the reception of a buffering period mes 
sage, which is used for initialiZing HRD 100. The second 
time base uses the num_units_in_tick and time_scale syntax 
in the parameter set to derive the time interval between 
picture removals from the buffers, and in some cases 
between picture arrivals to pre-decoder buffer 110. 

[0037] In the following description, tc=num_u 
nits_in_tick/time_scale is the clock tick associated with the 
second clock, and be[t] and te[b] are the bit equivalent of a 
time t and the time equivalent of a number of bits b, with the 
conversion factor being the buffer arrival bit rate: 

[0038] A. Operation of Pre-decoder Buffer 

[0039] 1. Timing of Bitstream Arrival 

[0040] Initially, when pre-decoder buffer 110 is empty, the 
?rst byte of the ?rst transmitted picture begins to enter 
pre-decoder buffer 110 at initial arrival time tai(0))=0 at the 
bit-rate associated R with the particular VBV buffer 
(R=400*bit_rate_value_XXX). Further, the last bit of the ?rst 
transmitted picture ?nishes arriving at ?nal arrival time: 

taf(O)=b(O)/R1 (13-1) 
[0041] where b(n) is the siZe in bits of the n-th transmitted 
picture, including either VCL bytes only or both VCL and 
NAL bytes, depending on the mode of operation of the 
HRD. The ?nal arrival time for each picture is the sum of the 
initial arrival time and the time required for the bits asso 
ciated with that picture to enter pre-decoder buffer 110: 

[0042] For each subsequent picture, the initial arrival time 
of picture n is the later of taf(n—1) and the sum of all 
preceding pre_dec_removal_delay times as indicated in 
equation D-3 below: 
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lat-(n) : max{taf (n — l), [c X Z preideciremovalidelayvn} (13-3) 
[:1 

[0043] When an encoder is producing a bit rate lower than 
the bit rate associated With a VBV buffer, rule (D-3) may 
delay the entry of some pictures into pre-decoder buffer 110, 
producing periods during Which no data enters. 

[0044] 2. Timing of Coded Picture Removal 

[0045] In the event that HRD 100 pertains to VCL data 
only, the coded data associated With picture n includes all 
VCL data for that picture. If HRD 100 pertains to multi 
plexed VCL/NAL data, the coded data associated With 
picture n includes all VCL data for that picture plus all NAL 
data after the end of picture n-1 and before the end of picture 
n. For the ?rst picture and all pictures that are the ?rst 
complete picture after receiving a buffering period SEI 
message, the coded data associated With the picture is 
removed from the VBV buffer at a removal time equal to the 
folloWing: 

[0046] Where pdrd_xxx is the pre-decoder removal delay 
in the buffering period SEI message. 

[0047] After the ?rst picture is removed, pre-decoder 
buffer 110 is examined at subsequent points of time, each of 
Which is delayed from the previous one by an integer 
multiple of the clock tick to, Which is an integer multiple of 
the picture rate. The removal time tr(n) of coded data for 
picture n is delayed With respect to that of picture n-1; 
Where the delay is equal to the number of picture periods 
indicated in the pre_dec_removal_delay syntax element 
present in the picture layer RBSP (RaW Byte Sequence 
Payload). 

[0048] Next, the coded data for the next transmitted pic 
ture is removed from pre-decoder buffer 100. In the event 
that the amount of coded data for picture n, b(n), is so large 
that removal cannot be accomplished at the computed 
removal time, the coded data is removed at the delayed 
removal time, tr)ld(n, m*), given by: 

[0049] Where m* is such that tr)d(n, m*—1)<taf(n)§tr)1d(n, 
This is an aspect of loW-delay operation. This delayed 

removal time is the next time instant after the ?nal arrival 
time taf(n) Which is delayed With respect to tr(0) by an 
integer multiple of tc. 

[0050] 3. Conformance Constraints on Coded Bitstreams 

[0051] In one embodiment of the present invention, a 
transmitted or stored bitstream must ful?ll some or all of the 
folloWing four requirements to be considered conformant. 
First, for each picture, the removal times tr(n) computed 
using different buffering periods as starting points for decod 
ing shall be consistent to Within the accuracy of the tWo 
clocks used (90 kHZ clock used for initial removal time and 
to clock used for subsequent removal time calculations). In 
one embodiment, the consistency may be translated to mean 
equality. An encoder can comply With this requirement by 
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computing the pre-decoder removal delay (pdrd_xxx) for a 
buffering period SEI message from the arrival and removal 
times computed using equations D-3 and D-S above. In 
another embodiment, the removal delay computed using the 
Buffering period SEI message initial _pre_dec_removal_de 
lay is loWer than that computed using the picture layer 
pre_dec_removal_delay. 
[0052] Second, With the exception of isolated loW-delay 
mode pictures that are described beloW, all bits from a 
picture must be in pre-decoder buffer 110 at the picture’s 
computed removal time tr(n). In other Words, a picture’s 
?nal arrival time must precede the picture’s removal time: 
taf(n) é tr(n). 
[0053] Third, if the ?nal arrival time tat(n) of picture n 
exceeds its computed removal time tr(n), its siZe must be 
such that it can be removed from pre-decoder buffer 110 
Without over?oW at tr)d(n,m*) as de?ned above. 

[0054] Fourth, if the bitstream conforms to CBR VBV 
buffer 260, data shall arrive continuously at the input to CBR 
VBV buffer 260. This is equivalent to ensuring that: 

taf (n — I) z [c X Z preideciremovalidelay(i). 
[:1 

[0055] Note that as a result of equation (D-3), the differ 
ence betWeen the arrival times of the ?rst picture tai(0) and 
any other second picture tai(n) can be no less than the sum 
of the removal delays of all the pictures after the ?rst picture 
and before the second picture (including the second picture) 

[c X Z preideciremovalidelaym). 
[:1 

[0056] pre_dec_removal_delay(n). This sum of removal 
delays is exactly the difference in removal times betWeen the 
tWo pictures tr(n)—tr(0). HoWever, other embodiments could 
use different measures of the difference, including the addi 
tion or subtraction of a ?xed offset to the constraint. 

[0057] B. Operation of Veri?er 

[0058] The conformance of a bitstream to the above 
described HRD constraints may be accomplished by means 
of a veri?er as described beloW. FIG. 3 shoWs a veri?er 300. 
Bitstream 310 is subjected to a sequence message ?ltering 
operation 301, Which locates messages in the bitstream 
indicative of the bit rate and buffer siZe and extracts bit rate 
and buffer siZe information 311 and HRD con?guration 
information 318 from the messages. Bitstream 310 is further 
subjected to a picture and buffering message ?ltering opera 
tion 302, Which locates messages containing picture removal 
delay information 312 and extracts that information. Bit 
stream 310 is further subjected to a picture siZe computing 
operation 303, Which produces the siZe of each compressed 
picture (in number of bits) 313. Information 311, 312 and 
313 are used Within arrival and removal time computing 
element 304 to determine the initial and ?nal arrival times 
and removal time for each compressed picture according to 
sections I.A.1 and I.A.2 described above. For each com 
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pressed picture, times 314, 315 and 316 are used Within 
constraint checker 305 to indicate conformance according to 
the constraints described in section I.A.3, Which constraints 
are implemented in constraint checker 305 depends on HRD 
con?guration information 318. 

[0059] II. HRD Description 

[0060] The following section of the present application 
complements the normative description of the previous 
section by providing an informative description of the 
present invention, Which includes the explanatory text 
describing the operation and capabilities of HRD 100. 

[0061] A. Constrained Arrival Time Leaky Bucket (CAT 
LB) Model 

[0062] HRD 100 of the present application is a mathemati 
cal model for a decoder, a decoder input buffer, and the 
channel. HRD 100 is characteriZed by the channel’s peak 
rate R (in bits per second), the buffer siZe B (in bits), the 
initial decoder removal delay T (in seconds), and picture 
removal delays for each picture. The ?rst three parameters 
{R, B, T} represent levels of resources (transmission capac 
ity, buffer capacity, and delay) used to decode a bitstream. 

[0063] The above-referenced term “leaky bucket” arises 
from analogiZing the encoder to a system that dumps Water 
in discrete chunks into a bucket With a hole. The departure 
of bits from the encoder buffer corresponds to Water leaking 
out of the bucket. Typically, the decoder buffer has an 
inverse behavior, Where bits How in at a constant rate, and 
are removed in chunks. The leaky bucket described in the 
present application can be termed a constrained arrival time 
leaky bucket (CAT-LB), because the arrival times of all 
pictures after the ?rst are constrained to arrive at the buffer 
input no earlier than the difference in hypothetical encoder 
processing times betWeen that picture and the ?rst picture. 
For example, if a second picture is encoded exactly seven (7) 
seconds after the ?rst picture Was encoded, then the second 
picture’s bits are guaranteed not to start arriving in the buffer 
prior to seven (7) seconds after the bits of the ?rst picture 
started arriving. It should be noted that this encoding time 
difference is sent in the bitstream as the picture removal 
delay. 

[0064] 1. Operation of the CAT-LB HRD 

[0065] Pre-decoder buffer 110 has a capacity of B bits. 
Initially, pre-decoder buffer 110 begins empty. The lifetime 
of the coded bits, in pre-decoder buffer 110, associated With 
picture n is characteriZed by the arrival interval {tai(n), 
taf(n)} and the removal time tr(n). The end-points of the 
arrival interval are knoWn as the initial arrival time and the 
?nal arrival time. At time tai(0)=0, pre-decoder buffer 110 
begins to receive bits at the rate R. The removal time tr(0) 
for the ?rst picture is computed from the pre-decoder 
removal delay pdrd_xxx of buffering period SEI message 
associated With pre-decoder buffer 110 by the folloWing: 

[0066] Removal times tr(1), tr(2), tr(3), . . . , for subsequent 
pictures (in transmitted order) are computed With respect to 
tr(0), as folloWs, Where the picture period to is de?ned by: 

to=num_units_in_tick/time_scale (D-8) 

[0067] It should be noted that the picture period is the 
shortest possible inter-picture capture interval in seconds for 
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the sequence. For instance, if time_scale=60,000 and 
num_units_in_tick=1,001, then: 

tC=1,OO1/6O,OOO=16.68333 . . . milliseconds. (D-9) 

[0068] In the picture layer RBSP for each picture, there is 
a pre_dec_removal_delay syntax element. This element 
indicates the number of picture periods to delay the removal 
of picture n after removing picture n-1. Thus, the removal 
time is simply: 

[0069] Yet, this recursion can be used to shoW that: 

[,(n) = [,(O) + [c X Z [preideciremovalidelay(m)] (13-11) 

[0070] The calculation of arrival times is more complex, 
because of the causality constraint. The initial arrival time of 
picture n is equal to the ?nal arrival time of picture n-1, 
unless that time precedes the earliest arrival time, computed 
by 

lat-1mm“, (n) = [c X Z [preideciremovalidelay(m)] (13-12) 

[0071] Where b(n) is the number of bits associated With 
picture n, the duration of the picture arrival interval is 
alWays the time-equivalent of the picture siZe in bits, at the 
rate R: 

[0072] FIG. 4 illustrates a segment of buffer fullness plot 
400 for a CAT-LB With the parameters given in table 500 of 
FIG. 5A and picture siZes given by column 551 of table 550 
in FIG. 5B. Note that table 550 lists values for many times 
of interest in the buffering process. In table 550, te is 
encoding time column 552, Which represents a hypothetical 
encoding time equal to the earliest possible initial arrival 
time of the picture, tai is initial arrival time column 553, taf 
is ?nal arrival time column 554, t,i—te is initial arrival time 
less encoding time column 555, tI is removal time column 
556, tr—tai is removal time less initial arrival time column 
557 and tr—te is removal time less encoding time column 
558. 

[0073] Referring to FIG. 4, it can be seen that the ?rst 
picture is large, and is then folloWed by ?ve (5) pictures at 
exactly the buffer arrival rate R, Which is folloWed by tWelve 
(12) pictures at half the rate, four (4) pictures at three times 
the rate and one (1) picture at tWice the rate. FolloWing the 
above pictures, FIG. 4 illustrates tWo segments With pictures 
at 30% and 50% of the rate, respectively. Further, the time 
interval of buffer fullness plot 400 from ten (10) seconds to 
eighteen (18) seconds illustrates HRD 100 behavior When 
the bit rate is constant and at or beloW the rate R. As shoWn, 
When the arrival bit rate remains less than R for a time, the 
loWer points of the fullness curve Will not change. Further, 
the fullness at the peak in such a segment Will be propor 
tional to the fraction of the peak rate being consumed by the 
pictures. 
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[0074] The time interval of buffer fullness plot 300 from 
eighteen (18) seconds to tWenty-eight (28) seconds, shoWs a 
temporary effect of an increase in arrival rate to above R. 
Once the large pictures start exiting pre-decoder buffer 110, 
the bit rate of pictures leaving pre-decoder buffer 110 
exceeds R, and the fullness decreases. This process termi 
nates at the thirty-tWo (32) second point, When the large 
pictures have exited pre-decoder buffer 110 and the series of 
smaller pictures starts entering pre-decoder buffer 110. Dur 
ing the time interval of buffer fullness plot 300 from 
thirty-six (36) seconds to forty-three (43) seconds, the 30% 
peak rate pictures are entering and leaving pre-decoder 
buffer 110. Further, and during the time interval of buffer 
fullness plot 300 from forty-three (43) seconds to ?fty-tWo 
(52) seconds, 30% peak rate pictures are shoWn to be leaving 
While 50% peal rate pictures are entering pre-decoder buffer 
110. As a result, the buffer fullness rises. Once 50% peak rate 
pictures begin to leave pre-decoder buffer 110, the fullness 
stabiliZes at 50% full. It should be noted that VBV Buffer 
stabiliZes at a fullness that is proportional to the ratio of the 
short-term average bit rate to the arrival bit rate. 

[0075] In general, the curve of buffer fullness plot 300 is 
given by the folloWing expression: 

BFU) = Z [1(zafm) 5 r < mm) x b(n) + (13-14) 
n 

[0076] The above expression uses indicator functions With time-related logical assertions as arguments to sum 

those pictures that are completely in pre-decoder buffer 110 
at time t, plus the appropriate portion of the picture currently 
entering pre-decoder buffer 110, if any. The indicator func 
tion I(x) is “1” if x is true and “0” otherWise. 

[0077] 2. LoW-Delay Operation 

[0078] LoW-delay behavior is obtained by selecting a loW 
value for the initial pre-decoder removal delay. This results 
in true loW delay through the buffer, because under normal 
operation, no removal delay (tr(n)—tai(n)) can exceed the 
initial removal delay tr(0). For example, if the maximum 
removal delay for picture n occurs When the initial arrival 
time is equal to the earliest arrival time, then the maximum 
removal delay is given by tr(n)—tai)earliest(n). But, 

[,(n) = [,(0) + [c X Z [prefdecfremovalfdelay(m)] (See 13-11) 
[:1 

and 

lat-1mm“, (n) = [c X Z [preideciremovalidelay(m)] (See 13-12) 
[:1 

[0079] therefore, 
tr(n)_tai,earliest(n)=tr(o)' (D-15) 

[0080] In other Words, setting an initial loW delay creates 
a steady-state loW-delay condition. HoWever, in loW-delay 
operation, it is useful to be able to process the occasional 
large picture Whose siZe is so large that it cannot be removed 
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by its indicated removal time. Such a large picture can arise 
at a scene change, for example. This Would ordinarily lead 
to an “under?oW” condition. When a large picture is encoun 
tered, the rules for removal are relaxed to prevent an 
under?oW. The picture is removed at the delayed removal 
time, tr)1d(n, m*), given by 

[0081] Where m* is such that tr)1d(n, m*—1)<tai(n)+te[B(n)] 
§tn1d(n, Note that pre-decoder buffer 110 must be large 
enough that such large picture can be accommodated With 
out over?oW. Immediately after such large picture is 
received the removal time of the next picture should be such 
that loW-delay operation is resumed, Which an encoder can 
facilitate by skipping a number of pictures immediately after 
the large picture, if necessary. Such loW-delay operation may 
be achieved Without explicit signaling in the bitstream. 

(D-16) 

[0082] 3. Bitstream Constraints 

[0083] Pre-decoder buffer 110 should not be alloWed to 
under?oW or over?oW. Furthermore, all pictures except the 
isolated big pictures should be completely in pre-decoder 
buffer 110 before their computed removal times. Isolated big 
pictures are alloWed to arrive later than their computed 
removal times, but should still obey the over?oW constraint. 
In CBR mode, there must be no gaps in bit arrival. 

[0084] 
[0085] The under?oW constraint, BF(t)§0 for all t, is 
satis?ed if the ?nal arrival time of each picture precedes its 
removal time. 

a. Under?oW 

[0086] The under?oW constraint creates an upper bound 
on the siZe of picture n. The picture siZe may not be larger 
than the bit-equivalent of the time interval from the start of 
arrival to the removal time. 

[0087] Since the initial arrival time tai(n) is in general a 
function of the siZes and removal delays of previous pic 
tures, the constraint on b(n) Will vary over time as Well. 

[0088] b. Over?ow 

[0089] Over?oW can be avoided provided that the buffer 
fullness curve BF(t) never exceeds the buffer siZe B. The 
over?oW constraints are that the initial pre-decoder removal 
delay must not be larger than the time-equivalent of the 
buffer siZe, tI(0)§te(B), and, under normal operation, 
removal delay must not exceed the initial removal delay. To 
avoid over?oW of an isolated big picture, the picture siZe is 
constrained by the folloWing: 

(D-17) 

(D-18) 

b(n) §be[B-t,;(n)] 

[0090] c. Constant Bit Rate (CBR) Operation 

[0091] The CAT-LB model operates in constant bit rate 
mode if an additional constraint is applied to ensure that data 
constantly arrive at the input of pre-decoder buffer 110. As 
a result, the average rate is equal to the buffer rate R. Such 
additional constraint can be conformed With if the ?nal 
arrival time of picture n is no earlier than the earliest initial 
arrival time of picture n+1. This time constraint places a 
loWer bound on b(n). 

(D-19) 
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laf(n) z tat-J0me, (n + l) = [c X Z [preideciremovalidelay(m)] (13-20) 
1:1 

[0092] 4. Rate Control Considerations 

[0093] An encoder may employ rate control as a means to 
constrain the varying bit rate characteristics of the bitstream 
in order to produce high quality coded pictures at the target 
bit rate(s). A rate control algorithm may target a VBR or 
CBR, or alternatively, a rate control algorithm may even 
target both a high peak rate using a VBR scheme and an 
average rate using a CBR scheme. Yet, multiple VBR rates 
may also be targeted. 

[0094] This section discusses the VBV in?uence on rate 
control. In a VBR VBV, the buffer must not over?oW or 

under?oW, but gaps may appear in the arrival rate. In order 
to meet these constraints, the encoder must ensure that for all 
t, the folloWing inequalities remain true: 

0 éBFQ) 2B, for all t. (D-21) 

[0095] Using Equation D-14, D-21 becomes: 

n 

[0096] The buffer fullness B(t) is a pieceWise non-decreas 
ing function of time, With each non-decreasing interval 
bounded by tWo consecutive removal times. Therefore, it is 
sufficient to guarantee the conformance at the interval end 
points; ie at the removal times. In particular, if an under 
?oW is prevented at the start of an interval (just after removal 
of a picture), it is completely prevented. The same holds for 
over?oW at the end of the interval, just prior to picture 
removal. Therefore, the points of interest are the removal 
times. At tr_(n), picture n and possibly some additional 
pictures up to picture m>n (With the last picture possibly 
only partially in the buffer), are in the buffer and contribute 
to Equation D-22. All pictures earlier than picture n have 
been removed. At tr+(n), picture n has been removed. 

[0097] Accordingly, When encoding picture n, the rate 
control goal is to allocate bits to picture n and the others in 
the immediate future in such a Way that over?oW is pre 
vented at tr_(n), and under?oW is prevented at tr+(n). Further, 
as long as b(n) is small enough so that te[b(n)]§tr(n)—tai(n), 
both over?oW at tr_(n) and under?oW at tr+(n) are prevented. 
This is usually a very high limit, and a rate control method 
can further limit b(n) through its allocation process. 

[0098] III. Exemplary Syntax for the HRD 

[0099] The folloWing syntax shoWn in Table 1 is example 
syntax representing some of sequence level information 318. 
In one embodiment, it is contained Within AVC syntax 
knoWn as parameter set RBSP, betWeen time_scale and 
num_slice_groups. 
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TABLE 1 

timeiscale O u(32) 
/* HRD Syntax in Parameter Set */ 
nalihrdiindicator O u(1) 
if (nalihrdiindicator == 1) 

hrdiparameters( ) 
vclihrdiindicator O u(1) 
if (vclihrdiindicator == 1) 

hrdiparameters( ) 
numisliceigroups O u(3) 

[0100] Table 2 beloW shoWs example syntax for the 
remaining sequence level information 318 and for sequence 
level information 311. 

TABLE 2 

Hrdiparameters( ) { 
/* CBR-VBV Parameters */ 
vbviicbr u(1) 
if (vbviicbr) { 

bitirateivalueicbr u(18) 
preidecibufferisizeivalueicbr u(12) 

/* VBR-VBV Parameters */ 
vbviivbr u(4) 
for (k = O; k <= vbviivbr; k++) { 

bitirateivalueivb?k] u(18) 
preidecibufferisizeivalueivbr[k] u(12) 

} 
} 

[0101] The folloWing Table 3 shoWs example syntax for 
picture removal delay information 312 for use in conjunc 
tion With HRD 100, Where the HRD syntax is inserted before 
the rbsp_trailing_bits( ) syntax element. 

TABLE 3 

pictureilayerirbsp( ) { Category Descriptor 

preideciremovalidelay 3 e(v) 
rbspitrailingibits( ) 

} 

[0102] Further, the folloWing illustrates example seman 
tics for the above syntactical elements for HRD 100. If 
nal_hrd_indicator==“1”, the multiplexed NAL and VCL 
bitstream conforms With the HRD, as speci?ed above. In 
such event, the HRD parameters folloW the nal_hrd_indi 
cator in the parameter set syntax. If nal_hrd_indicator==“0”, 
the multiplexed NAL and VCL bitstream is not guaranteed 
to comply With the HRD. If vcl_hrd_indicator==“1”, the 
VCL bitstream conforms With the HRD, as speci?ed above. 
In such event, the HRD parameters folloW the vcl_hrd_indi 
cator in the parameter set syntax. If vcl_hrd_indicator==“0”, 
the VCL bitstream is not guaranteed to comply With the 
HRD. 

[0103] If VBV indicator for Constant Bit Rate vbvi_cbr== 
“0”, the bitstream does not comply With a CBR-VBV Buffer, 
and vbvi_cbr==“1” means that the bitstream conforms With 
a CBR-VBV Buffer, and that CBR-VBV buffering param 
eters folloW in the syntax. VBV indicator for Variable Bit 
Rate or vbvi_vbr indicates the number of VBR VBV Buffers 
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that the bitstream conforms With, and vbvi_vbr==“0” is 
allowed. In one embodiment, When HRD con?guration 
information indicates a loW-delay operation, the sum of 
vbvi_cbr and vbvi_vbr must be no more than one, ie only 
one VBV buffer is supported. 

[0104] A positive integer coded using the universal VLC, 
pre_dec_removal_delay indicates hoW many clock ticks to 
Wait after removal from the HRD pre-decoder buffer 110 of 
the coded data associated With the previous picture before 
removing the coded data associated With this picture from 
the buffer. This value is also used to calculate an earliest 
possible time of arrival of bits into the pre-decoder buffer, as 
de?ned above. 

[0105] Table 4 beloW shoWs example buffering period 
message syntax for picture removal delay information 312 
for use in conjunction With HRD 100. 

TABLE 4 

Bufferingiperiodimessage { Category Mnemonic 
parameterisetiid e(v) 

(independentiGOPiparameteriset) 
if (nalihrdiindicator == 1) { 

if (vbviicbr == 1) 
pdrdicbr u(16) 

for (k = O;k <= vbviivbr; k++) 
pdrdivbr[k] u(16) 

if (vclihrdiindicator == 1) { 
if (vbviicbr == 1) 

pdrdicbr u(16) 
for (k = O; k <= vbviivbr; k++) 

pdrdivbr[k] u(16) 

[0106] The folloWing illustrates example buffering period 
message semantics for picture removal delay information 
312 for HRD 100. The parameter set ID indicates the 
parameter set that contains the sequence level HRD 
attributes. The ?elds pdrd_cbr and pdrd_vbr[k] represent the 
pre-decoder removal delay of a pre-decoder buffer in units 
of a 90 kHZ clock. Each pdrd_xxx value represents the delay 
betWeen the time of arrival in the pre-decoder buffer of the 
?rst byte of the coded data associated With the picture 
(including all NAL data) and the time of removal of the 
coded data associated With the picture. The pdrd_xxx ?elds 
are used in conjunction With the VBV buffers as speci?ed 
above. A value of Zero is forbidden for pdrd_xxx. 

[0107] IV. Summary of Exemplary Embodiments and 
Advantages of the HRD 

[0108] As discussed above, in one aspect of the present 
invention, a pre-decoder buffer removal time delay is trans 
mitted for each picture, Which is represented by the syntax 
elements pdrd_xxx in the buffering period SEI message and 
pre_dec_removal_delay[n] in the picture layer. In conven 
tional hypothetical reference decoders, the removal time for 
removing a picture from the pre-decoder buffer is either the 
earliest possible time that the picture can be removed or is 
calculated based on a ?xed frame rate—With a rule to handle 
one speci?c exception from ?xed frame rate in the case of 
the MPEG-2 standard. HoWever, according to one embodi 
ment of the present invention, each picture is removed from 
the pre-decoder buffer at a time calculated by adding the 
pre-decoder buffer delay (Which is transmitted for each 
picture) to the removal time of the previous picture. 
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[0109] Accordingly, HRD of the present invention can 
handle variable frame rate video arising from any source. 
For example, in the case of handling the carriage of ?lm over 
video in MPEG-2, the HRD of MPEG-2 has special removal 
time rules based on the repeat_?rst_?eld ?ag in the picture 
header, Which causes the removal delays to alternate 
betWeen tWo ?eld times and three ?eld times. In the case of 
video conferencing, on the other hand, the frame rate may 
change as the coding difficulty of the scene changes. Both 
the above cases and others can be handled by transmission 
of the explicit removal delay in the above-mentioned HRD 
embodiment of the present invention. In short, this embodi 
ment of the present invention uni?es multiple variable frame 
rate applications that conventional HRDs have handled in 
non-uni?ed Ways. 

[0110] Another aspect of the present invention is the 
delayed timing of the arrival of bits into the pre-decoder 
buffer based on the same removal time delays, Which results 
in a constrained leaky-buffer model. As a further advantage 
of this aspect of the present invention the same HRD model 
can handle both loW-delay and delay-tolerant scenarios. An 
HRD, in accordance With this aspect of the present inven 
tion, can operate in either loW-delay or delay-tolerant modes 
Without explicitly signaling its mode of operation, since a 
decoder can determine the real maximum delay in seconds 
induced by the bitstream rate variations. LoW-delay appli 
cations can set a loW initial removal delay by setting 
pdrd_xxx to an appropriate loW value. Delay-tolerant appli 
cations may set the initial delay to any value small enough 
that the buffer Would not over?oW if it is receiving data at 
peak rate for that period of time. 

[0111] Yet another aspect of the present invention includes 
tWo layers of conformance. Unlike conventional HRDs, in 
one embodiment, HRD of the present invention can be 
signaled in the bitstream that the VCL conforms to an HRD, 
or that the NAL+VCL conforms to an HRD, or that both 
conform to an HRD. This aspect of the present invention is 
signi?cant When a bitstream may be repurposed or 
transcoded from one netWork environment to another. 

[0112] In a further embodiment, HRD of the present 
application applies HRD-related constraints to a rate control 
algorithms as time-related inequalities, rather than picture 
siZe related inequalities. 

[0113] The folloWing are a number of advantages that may 
be achieved using one or more aspects of the present 
invention: enabling ?exible variable frame-rate operation;; 
more closely matching HRD pre-decoder buffer arrival 
times With those produced by real-time encoders, Which 
simpli?es the real-time multiplexing problem; bitstreams are 
independently veri?able and the HRD accommodates a 
leaky bucket approach and is consistent With the multiple 
leaky-bucket approach; arrival time delays described in the 
HRD do not have to be actualiZed in a streaming environ 
ment; provides for HRD parameters for VCL, NAL+VCL or 
both; NAL+VCL HRD parameters can be added to an 
existing bitstream With VCL HRD; and the amount of delay 
in time through a loW-delay HRD is explicitly controlled. 

[0114] Various embodiments of the invention are not dis 
cussed here but are apparent to a person of ordinary skill in 
the art. For example, there are numerous Ways to represent 
the pre-decoder removal delay both in the buffering period 
message and in the picture message. It is also anticipated 
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that the exact number of bits used to represent the syntax 
elements or the formulas for converting the syntax elements 
to physical quantities, such as bit rates and buffer siZes, 
could change Without departing from the scope of the 
present invention. Moreover, the exact rule for computing 
the earliest possible arrival times could be modi?ed to alloW 
for a one-time shift in time. Moreover, While the invention 
has been described With speci?c reference to certain 
embodiments, a person of ordinary skill in the art Would 
recogniZe that changes could be made in form and detail 
Without departing from the spirit and the scope of the 
invention. The described exemplary embodiments are to be 
considered in all respects as illustrative and not restrictive. 
It should also be understood that the invention is not limited 
to the particular exemplary embodiments described herein, 
but is capable of many rearrangements, modi?cations, and 
substitutions Without departing from the scope of the inven 
tion. 

What is claimed is: 
1. A system for processing compressed data, said com 

pressed data including a ?rst picture and a subsequent 
second picture, each of said pictures including a plurality of 
bits starting With a ?rst bit, said system comprising: 

a decoder con?gured to receive said compressed data and 
decompress said compressed data, said decoder having 
a pre-decoder buffer con?gured to buffer said com 
pressed data; 

Wherein said ?rst bit of said ?rst picture enters said 
pre-decoder buffer at a ?rst time and said ?rst bit of said 
second picture enters said pre-decoder buffer at a 
second time, and Wherein said ?rst bit of said ?rst 
picture leaves said pre-decoder buffer at a third time 
and said ?rst bit of said second picture leaves said 
pre-decoder buffer at a fourth time; and 

Wherein a difference based on said second time and said 
?rst time is not less than a difference based on said 
fourth time and said third time. 

2. The system of claim 1, Wherein said second time less 
said ?rst time is greater than or equal to said fourth time less 
said third time. 

3. The system of claim 1, Wherein said second time less 
said ?rst time is greater than or equal to said fourth time less 
said third time less a ?xed time. 

4. The system of claim 1 further comprising an encoder, 
Wherein said encoder generates said compressed data and 
transmits said compressed data to said decoder so as to 
ensure that said difference based on said second time and 
said ?rst time Will not be less than said difference based on 
said fourth time and said third time. 

5. A method for processing compressed data through a 
pre-decoder buffer, said compressed data including a ?rst 
picture and a subsequent second picture, each of said pic 
tures including a plurality of bits starting With a ?rst bit, said 
method comprising: 

storing said ?rst bit of said ?rst picture in said pre-decoder 
buffer at a ?rst time; 

storing said ?rst bit of said second picture in said pre 
decoder buffer at a second time; 

removing said ?rst bit of said ?rst picture from said 
pre-decoder buffer at a third time; and 
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removing said ?rst bit of said second picture from said 
pre-decoder buffer at a fourth time; 

Wherein a difference based on said second time and said 
?rst time is not less than a difference based on said 
fourth time and said third time. 

6. The method of claim 5 further comprising: decom 
pressing said compressed data. 

7. The method of claim 5, Wherein said second time less 
said ?rst time is greater than or equal to said fourth time less 
said third time. 

8. The method of claim 5, Wherein said second time less 
said ?rst time is greater than or equal to said fourth time less 
said third time less a ?xed time. 

9. The method of claim 5, Wherein an encoder generates 
said compressed data and transmits said compressed data to 
said pre-decoder buffer so as to ensure that said difference 
based on said second time and said ?rst time Will not be less 
than said difference based on said fourth time and said third 
time. 

10. A system for processing data, said data including a 
plurality of compressed pictures, each of said compressed 
pictures including a plurality of bits starting With a ?rst bit, 
said system comprising: 

a decoder con?gured to store said plurality of compressed 
pictures in a pre-decoder buffer; 

Wherein said data further includes a pre-decoder buffer 
delay for each of said plurality pictures, and Wherein 
each of said plurality of pictures is removed from said 
pre-decoder buffer at a time calculated by adding said 
pre-decoder buffer delay to a removal time of its 
immediate previous picture. 

11. The system of claim 10, Wherein said pre-decoder 
buffer delay for each of said plurality pictures is an integer 
an integer multiple of a clock tick. 

12. The system of claim 11, Wherein the clock tick is an 
integer multiple of a picture rate. 

13. The system of claim 10 further comprising an encoder, 
Wherein said encoder transmits said pre-decoder buffer delay 
for each of said plurality pictures. 

14. A bitstream generated by a system, said bitstream 
comprising: 

a plurality of compressed pictures, each of said com 
pressed pictures including a plurality of bits starting 
With a ?rst bit; and 

a pre-decoder buffer delay for each of said plurality 
pictures; 

Wherein a decoder stores said plurality of compressed 
pictures in a pre-decoder buffer, and Wherein each of 
said plurality of pictures is removed from said pre 
decoder buffer at a time calculated by adding said 
pre-decoder buffer delay to a removal time of its 
immediate previous picture. 

15. The bitstream of claim 14, Wherein said pre-decoder 
buffer delay for each of said plurality pictures is an integer 
an integer multiple of a clock tick. 

16. The bitstream of claim 15, Wherein the clock tick is an 
integer multiple of a picture rate. 

17. The bitstream of claim 14, Wherein said system 
comprises an encoder, Wherein said encoder transmits said 
pre-decoder buffer delay for each of said plurality pictures. 
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18. A method for processing data using a pre-decoder 
buffer, said data including a plurality of compressed pic 
tures, each of said compressed pictures including a plurality 
of bits starting With a ?rst bit, said data further including a 
pre-decoder buffer delay for each of said plurality pictures, 
said method comprising: 

storing said plurality of compressed pictures in said 
pre-decoder buffer; 

calculating a time for removing each of said plurality of 
pictures by adding said pre-decoder buffer delay to a 
removal time of its immediate previous picture; and 

removing each of said plurality of pictures from said 
pre-decoder buffer at said time. 

19. The method of claim 18, Wherein said pre-decoder 
buffer delay for each of said plurality pictures is an integer 
an integer multiple of a clock tick. 

20. The method of claim 19, Wherein the clock tick is an 
integer multiple of a picture rate. 

21. The method of claim 18, Wherein an encoder transmits 
said pre-decoder buffer delay for each of said plurality 
pictures. 

22. A system for processing compressed data, said system 
comprising: 

a video coding layer; 

a netWork adaptation layer; 

a ?rst set of parameters for said video coding layer; and 

a second set of parameters for a multiplex of said video 
coding layer and said netWork adaptation layer. 

23. The system of claim 22, Wherein said video coding 
layer includes a bitstream having video slices. 

24. The system of claim 22, Wherein said netWork adap 
tation layer includes a bitstream having syntactic structures. 

25. The system of claim 24, Wherein said syntactic 
structures include picture attributes, parameter sets and start 
codes. 

26. A system comprising: 

an encoder con?gured to generate compressed data, said 
compressed data including a ?rst picture and a subse 
quent second picture, each of said pictures including a 
plurality of bits starting With a ?rst bit; and 

a transmitter con?gured to time transmission of said 
compressed data such that a pre-decoder buffer is 
capable of inputting said ?rst bit of said ?rst picture at 
a ?rst time and inputting said ?rst bit of said second 
picture at a second time, and said pre-decoder buffer is 
further capable of outputting said ?rst bit of said ?rst 
picture at a third time and outputting said ?rst bit of 
said second picture at a fourth time; and 

Wherein a difference based on said second time and said 
?rst time is not less than a difference based on said 
fourth time and said third time. 

27. The system of claim 26, Wherein said second time less 
said ?rst time is greater than or equal to said fourth time less 
said third time. 

28. The system of claim 26, Wherein said second time less 
said ?rst time is greater than or equal to said fourth time less 
said third time less a ?xed time. 
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29. A method of analyZing a bitstream, said bitstream 
having a plurality of compressed pictures and a plurality of 
messages, said method comprising the steps of: 

locating a buffering information message including bit 
rate information and buffer siZe information; 

extracting said bit rate information and said buffer siZe 
information from said buffering information message; 

computing a bit rate and a buffer siZe from said bit rate 
information and buffer siZe information; 

selecting a random access point in said bitstream; 

locating a buffering period message folloWing said ran 
dom access point; 

extracting random access buffering information from said 
buffering period message; 

computing from said random access buffering informa 
tion a picture removal time associated With the ?rst 
picture folloWing said buffering period message; 

Wherein for each compressed picture in the bitstream 
folloWing said ?rst picture, said method further com 
prising: 
locating a picture message including picture removal 

time delay information; 

extracting said picture removal time delay information 
from said picture message; 

computing from said picture removal time delay infor 
mation a picture removal time of said compressed 
picture; 

Wherein for each compressed picture folloWing said buff 
ering period message, said method further comprising: 

counting the number of bits representing said com 
pressed picture; 

computing an initial arrival time and a ?nal arrival time 
of said compressed picture, Wherein said initial 
arrival time is equal to an earlier of said ?nal arrival 
time of the immediately previous compressed picture 
or equal to a sum of a ?xed time plus a sum of 
removal delays of all of said compressed pictures 
betWeen said ?rst compressed picture folloWing said 
buffering period message and said compressed pic 
ture, including said compressed picture, and Wherein 
said ?nal arrival time is equal a sum of said initial 
arrival time and a time calculated based on the 
number of bits associated With said compressed 
picture at said bit rate; and 

verifying that a difference betWeen said ?nal removal 
time and said initial arrival time does not exceed the 
time for reaching said buffer siZe at said bit rate. 

30. The method of claim 29 further comprising the step of 
verifying for each of said compressed pictures that said ?nal 
arrival time precedes said removal time. 

31. The method of claim 29 further comprising the step of 
verifying that said initial arrival time of each of said com 
pressed pictures is equal to said ?nal arrival time of the 
immediately previous compressed picture. 

* * * * * 


